Optimization of Magnetic Chicane for Maximum Electron Beam Compression by Ray, Nathan W. et al.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
UCARE Research Products UCARE: Undergraduate Creative Activities &Research Experiences
Spring 2018
Optimization of Magnetic Chicane for Maximum
Electron Beam Compression
Nathan W. Ray
University of Nebraska-Lincoln, nathan.ray@huskers.unl.edu
Vida-Michelle Nixon
University of Nebraska-Lincoln, vnixon@huskers.unl.edu
Matthias Fuchs
University of Nebraska-Lincoln, mfuchs@unl.edu
Follow this and additional works at: http://digitalcommons.unl.edu/ucareresearch
Part of the Atomic, Molecular and Optical Physics Commons, and the Plasma and Beam Physics
Commons
This Poster is brought to you for free and open access by the UCARE: Undergraduate Creative Activities & Research Experiences at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in UCARE Research Products by an authorized administrator
of DigitalCommons@University of Nebraska - Lincoln.
Ray, Nathan W.; Nixon, Vida-Michelle; and Fuchs, Matthias, "Optimization of Magnetic Chicane for Maximum Electron Beam
Compression" (2018). UCARE Research Products. 154.
http://digitalcommons.unl.edu/ucareresearch/154
Optimization of Magnetic Chicane for Maximum Electron Beam Compression
Group for Ultrafast and High-Field X-Ray Science, University of Nebraska-Lincoln
Nathan Ray, Vida-Michelle Nixon, Matthias Fuchs
Electron Beam After ChicaneElectron Beam Before Chicane
Procedure
Implications and Future Research• Using a MATLAB script, we analyzed possible magnet lengths,
magnet strengths and drift lengths of potential magnets.
• Then, by using particle tracking in the General Particle Tracer
(GPT) software, we created a more realistic simulation.
• Using the GPT optimization algorithm we were able to more
precisely determine the length between the magnets for best
beam compression.
• The resulting fully optimized chicane setup was then inputted
into another MATLAB script, which analyzed the changes to the
electron beam due to synchrotron radiation.
• These resultant magnets were compared to find the best beam
compression with the smallest radiation effects.
• The low change in energy spread due to synchrotron
radiation, and good compression for a variety of initial beam
conditions, provides a good base for further research.
• Using this setup, we will run detailed simulations for a large
number of beam energy levels and chirps to create a catalog.
• The catalog will be used to trace backward from experimental
results to the initial beam energy level and chirp.
Prospective Magnets
• One of the first magnets to be tested had a length of 2cm, and a strength
of 0.85 tesla. It had good compression, and the electron beam didn’t
expand as much radially as in other simulations. The magnet also caused a
smaller amount of synchrotron radiation than the previous simulations,
but was unrealistic in its dimensions, compared to its magnetic strength.
• Another example simulation used a magnet length of 4cm and a strength
of 0.5 tesla. The electron beam was regularly compressed to half its size,
and it emitted less radiation than other simulations. However, the
simulations demonstrated radial expansion of the electron beam.
Background Results
• This chicane is designed for use in an x-ray free electron laser
(XFEL), which requires a beam of relativistic electrons. A short,
high current beam allows a significant reduction in the
dimensions of the XFEL.
• The electron beam is created via laser-plasma acceleration
and is hypothesized to have a linear energy distribution
(chirp). A chirp places the slower electrons at the front of the
beam and the faster electrons in the rear of the beam.
• Depending on the speed (energy) of the electron, the path
length inside the chicane is different leading to compression
of the electron beam.
• Acceleration of electrons causes synchrotron radiation.
• The best chicane setup came from a magnet with:
• Magnet length: 6 cm, magnet strength: 0.2 T, drift length:
4.2 – 48 cm (depending on initial beam conditions).
• Resulting compression: 20.6% – 89.5% (depending on initial
beam conditions).
• Changes to the beam from coherent synchrotron radiation:
• Change in energy spread: 0.0577%.
• Change in emittance: 0.0105 m*rad.
• This emittance is much larger than expected, indicating
that a more realistic simulation is needed to be
accurate.
• Changes to the beam from incoherent synchrotron radiation:
• Change in energy spread: 1.16 x 10^-6%.
• Change in emittance: 2.27 x 10^-11 m*rad.
• The electron beam passes
through a uniform magnetic
field in the gap of the magnet.
• All magnets tested had a gap
length of 2cm, and a magnet
width of 4cm.
• One of the most recent magnets tested, had a length of 6cm and a
strength of 0.2 tesla. The magnet caused the least amount of
synchrotron radiation, had decent compression, and very little radial
expansion, making it the best candidate for further study.
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